Introduction {#S0001}
============

Glioma is the most common intracranial tumor accounting for 46% of brain tumors.[@CIT0001] And it is one of the most lethal and rapidly progressing malignancies equivalent to 1--3% of malignant tumors detected worldwide.[@CIT0002] It is difficult for glioma to undergo surgical resection, due to the malignant and infiltrative growth, and the locations where it frequently occurs are important structures of brain.[@CIT0003] The 5-year survival rate of malignant glioma patients treated by surgery alone is \<25%.[@CIT0004] Reasonable postoperative radiotherapy, chemotherapy and other comprehensive treatments can control tumor growth and delay recurrence, but glioma cells are not sensitive to radiation.[@CIT0005] Chemotherapy drugs are difficult to penetrate the blood-brain barrier, and there are many complications.[@CIT0006] There is still a lack of satisfactory treatment.

In recent years, traditional Chinese medicine has achieved good results in treating gliomas.[@CIT0007] One study has reported the benefits of SD and the benefits of a combination of Shezhi Huangling decoction (SD) and carmustine (BCUN) in the treatment of glioma compared to BCUN alone.[@CIT0008] Compared with BCUN alone, the combination therapy of SD and BCUN significantly improves the effectiveness of medication, the patient's functional status and survival rate.[@CIT0008] However, the role of SD on glioma cell function is still unknown.

MicroRNAs (miRNAs) are endogenous, small non-coding RNAs that are capable to regulate genes expression at post-transcriptional level by binding to the 3ʹ-untranslated regions (3ʹ-UTRs) of its targeted messenger RNA (mRNA).[@CIT0009] The interaction of miRNA-mRNA leads to mRNA degradation and translational inhibition, and miRNAs have an inhibitory effect on target gene expression. Increased evidence indicates that various miRNAs are deregulated in many types of cancers, contributing to cancer initiation and progression.[@CIT0010]--[@CIT0012] Moreover, the significance of miRNAs in gliomagenesis has been reported in recent years.[@CIT0013] Especially, miR-1298 is identified to down-regulate expression in neuroglioma.[@CIT0014] Subsequently, it is also found to be down-regulated in gastric cancer and associated with lymph node metastasis and TNM stage.[@CIT0015] However, the specific function and molecular mechanism of miR-1298 in glioma remain unclear. In the present study, we found that SD treatment could regulate the biological function of glioma cells by affecting the expression of miR-1298-5p.

Transforming growth factor β induced factor 1 (TGIF1), also known as TG interacting factor 1, is a member of the three amino acid loop extension subfamily of homeodomain proteins. It is reported to repress the transcription of target genes by binding directly to DNA or binding to the retinoid X receptor.[@CIT0016] Subsequently, TGIF1 is identified as a Smad-binding protein and a transcriptional repressor involved in the TGF-β signaling pathway.[@CIT0017] In humans, the *TGIF1* gene is located on chromosome 18p11.3 which is the most common mutation in patients with HPE, a severe brain and craniofacial malformation associated with mental retardation, and is the part of routine genetic evaluation of HPE patients.[@CIT0018] Previous studies also suggest that TGIF1 play an important role in the progression of several types of cancers, including colorectal cancer,[@CIT0019] lung cancer,[@CIT0020] breast cancer[@CIT0021] and liver cancer.[@CIT0022] Especially, Shaw et al find that TGIF1 is differentially expressed in oligodendroglial tumors with 1p/19q loss.[@CIT0023]

In this study, we mainly explored the functions of SD in glioma cells. SD treatment inhibited the proliferation, migration and invasion of glioma cells, and induced the apoptosis. In addition, we found that SD treatment induced the expression of miR-1298-5p in glioma cells. Moreover, the interaction of miR-1298-5p and TGIF1 in glioma cells was identified. We demonstrated that miR-1298-5p restricted the proliferation, migration and invasion of glioma cells, and induced cell apoptosis by targeting TGIF1. In general, these findings highlighted the therapeutic potential of SD for glioma treatment.

Materials and Methods {#S0002}
=====================

Preparation of SD {#S0002-S2001}
-----------------

SD was composed of Hedyotis diffusa Willd. (20 g), Scutellaria barbata D. Don (15 g), Huang qi (40 g), Poria cocos (Schw) Wolf. (20 g), Atractylodes macrocephala Koidz. (18 g), Angelica sinensis (Oliv.) Diels (10 g), Rheum officinale Baill. (6 g), Kudzuvine Root (10 g). The total weight of the dried herbs was 139 g. The herbs were blended into double-distilled water for 1 h, then heated at 100°C for 2 h, after which the residue was boiled for 2 h with distilled water. The extracts were subsequently diluted to 0.1 g herb/mL and filtered with a 0.2 μm filter. All medicinal plants used to prepare formulae were provided by Affiliated Hospital of Shandong University of Traditional Chinese Medicine.

Clinical Samples Collection {#S0002-S2002}
---------------------------

Thirty-eight glioblastoma tissue specimens and adjacent normal tissue specimens were collected from Affiliated Hospital of Shandong University of Traditional Chinese Medicine undergoing surgical operations. The tissue samples were immediately frozen in liquid nitrogen and stored in a −80°C refrigerator. All samples were from patients who were diagnosed with glioblastoma at Affiliated Hospital of Shandong University of Traditional Chinese Medicine, had not received any other treatment except for surgery and signed the written informed consent. The experiment was approved by the Ethics Committee in Affiliated Hospital of Shandong University of Traditional Chinese Medicine.

Cell Culture, Treatment and Transfection {#S0002-S2003}
----------------------------------------

The human glioma cell lines (U87 and U251) were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and were cultured as previously described.[@CIT0024] For SD treatment, the cells were incubated in a medium containing a different concentration of SD reagent. Phosphate Buffered Saline (PBS) was used as negative control (NC). The miR-1298-5p mimic, inhibitor and siRNA-TGIF1 were synthesized from Ruibo (Guangzhou, China). The oligonucleotide sequence used were as follows: miR-1298-5p mimic, 5ʹ-TTCATTCGGCTGTCCAGATGTA-3ʹ; inhibitor, 5ʹ-TACATCTGGACAGCCGAATGAA-3ʹ; siRNA-TGIF1, 5ʹ-CCGATCAAGCCTGACTTCT-3ʹ. Lipofectamine 2000 (Invitrogen, Carlsbad, CA) was used to transfer them into U87 and U251 cells.

Quantitative Reverse-Transcription Polymerase Chain Reaction {#S0002-S2004}
------------------------------------------------------------

Total RNAs were isolated from tissues and cells by using TRIzol reagent (Invitrogen). For reverse transcription, miRNAs were reverse transcribed to cDNAs using TaqMan Advanced miRNA cDNA Synthesis Kit (Applied Biosystems, Foster City, CA, USA) and mRNAs were reverse transcribed to cDNAs using First-Strand cDNA Synthesis Kit (Promega Corporation, Madison, WI). Quantitative reverse-transcription polymerase chain reaction (qRT-PCR) was performed using SYBR Green Master Mix Kit (Takara, Otsu, Japan) to amplification for gene expression. Relative miR-1298-5p and TGIF1 expression were obtained by normalizing with U6 and GAPDH, respectively, and quantified with the 2^−ΔΔCt^ method. The primers used were as follows: miR-1298 forward, 5ʹ-TCATTCGGCTGTCCAGA-3ʹ and reverse, 5ʹ- GAACATGTCTGCGTATCTC-3ʹ; U6 forward, 5ʹ-CTCGCTTCGGCAGCACA‐3ʹ and reverse, 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ; TGIF1 forward, 5ʹ-GGATTGGCTGTATGAGCACCGT-3ʹ and reverse, 5ʹ-GCCATCCTTTCTCAGCATGTCAG-3ʹ; GAPDH forward, 5ʹ-ATGAGCTCCACTCTGCTCAATGTCACGG-3ʹ and reverse, 5ʹ-GCAAGCTTCTCTACCAAGAATGAAAGAGCAT-3ʹ.

Measurement of Cell Proliferation {#S0002-S2005}
---------------------------------

CCK8 and colony formation assay were performed to determine cell proliferation. For CCK8 assay, 5×103 cells were seeded onto each well in the 96-well plates and cultured overnight. For SD treatment, the cells were incubated in a medium containing a different concentration of SD reagent for 12 h, 24 h, 36 h and 48 h. For transfection, the cells were transfected by miR-1298-5p mimic, inhibitor or siRNA-TGIF1, and continue to culture for 0 h, 24 h, 48 h and 72 h. Then, culture medium was removed, 100 μL of fresh medium containing 10 μL CCK8 solution (Beyotime Biotechnology, Shanghai, China) was added to each well and incubated at 37°C for 2 h. The OD value at 450 nm was measured using a microplate reader. For colony formation assay, 500 cells were seeded into 6-well plate. After two weeks, the cells grew to visible colonies and were fixed with methanol for 30 min, stained with 0.1% crystal violet for 1 h. The colonies were counted and imaged.

Transwell Assay {#S0002-S2006}
---------------

Transwell chamber (24-well) was performed to examine cell migration and invasion; 24 h after SD treatment or transfection, cells were resuspended in serum-free medium and adjusted to 1×105 cells/mL. Then, 200 μL of cell suspension was put into the upper chamber, and 500 μL of medium containing 10% FBS was added into the lower chamber to induce cells to migrate or invade through the 8-μm pore-size membrane. In addition, the cells were put in the upper chamber with a thin layer Matrigel matrix (BD Biosciences, Franklin Lakes, NJ) for invasion assay. The other experimental steps are the same as the migration experiment; 24 h later, cells that migrated or invaded to the lower surface of the membrane were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. Finally, the number of moving cells was counted in five randomly chosen fields using a microscope.

Flow Cytometry Analysis {#S0002-S2007}
-----------------------

Then, 48 h after SD treatment or transfection, cells were resuspended to 1--5×10^6^/mL by Annexin V binding buffer. Cells were double stained by FITC Annexin V Apoptosis Detection Kit (BD Biosciences, Franklin Lakes, NJ, USA) and detected by flow cytometry. Statistical analysis was performed using Flowjo software (Tree Star, Ashland, OR, USA).

Luciferase Activity Assay {#S0002-S2008}
-------------------------

The wild binding sites between miR-1298-5p and TGIF1 (TGIF1-WT) and mutated binding sites (TGIF1-Mut) were synthesized and cloned into psiCHECK-2 Vector (Promega, Madison, WI). The psiCHECK-2-TGIF1-WT or psiCHECK-2-TGIF1-Mut vector (Promega) was transfected into HEK293T cells with miR-1298-3p mimics or negative control miRNA (miR-NC); 48 h after co-transfection, luciferase activity was determined using a Dual-Luciferase Reporter Assay System (Promega).

Western Blot {#S0002-S2009}
------------

Proteins from tissues and cells were lysed in RIPA buffer containing protease and phosphatase inhibitors (Roche, Basel, Switzerland) and were harvested by centrifugation with 12,000 rpm for 10 min at 4°C. BCA Protein Assay Kit (Tiangen, Beijing, China) was used to quantify the protein concentrations. Equal amounts of proteins (15 mg) were separated through 10% SDS-PAGE gel and then transferred onto PVDF membranes. Next, the membranes were incubated with anti-TGIF1 (1:1000, ab52955, Abcam, Cambridge, MA) at 4°C overnight after blocked with 5% non-fat milk for 1 h at normal temperature and then subsequently incubated with HRP conjugated secondary antibody at room temperature for 2 h. Immunoreactive bands were developed using Enhanced chemiluminescence kit (Amersham, Little Chalfont, UK).

Immunohistochemical Analysis {#S0002-S2010}
----------------------------

The glioma or adjacent tissues were fixed in formalin for 24 h and then embedded in paraffin. The paraffin sample was cut into 4 μm slides, and the slides were deparaffinized in an environmentally friendly clearing agent (Hongci., Shanghai, China) and rehydrated in alcohol. Sodium citrate buffer (pH 6.0) was used for antigen retrieval. After blocked with 5% sheep serum at room temperature for 1 h, slides were incubated with anti-TGIF (1:100) for 1 h at room temperature, and then was incubated with secondary antibody (160101405L, Maixin., Shanghai, China). The enhanced DAB chromogenic kit (1,705,252,031, Maixin., Shanghai, China) is used for color development. After staining once with hematoxylin, it was dehydrated with a gradient ethanol and fixed with neutral resin. And the slides were observed and imaged under a microscope.

The immunostaining score was calculated by multiplying positive staining cell ratio (R) and staining intensity score (S) which were given by two pathologists blinded to the clinical parameters. R was divided into four grades: 0 (\<5%, negative), 1 (5--25%, sporadic), 2 (25--50%, focal), 3 (\>51%, diffuse), S was also divided into four grades: 0 (negative), 1 (weak), 2 (moderate), 3 (strong). Finally, 0--4 was considered to be low staining, and 6--9 was considered to be high staining.

Statistical Analysis {#S0002-S2011}
--------------------

All results were presented as the mean ± SD and conducted using SPSS 22.0 (SPSS, IBM, Beijing, China) and GraphPad Prism 6 (GraphPad, San Diego, CA). The difference was calculated by Student *t*-test or one-way analysis of variance. The survival curves were generated using the Kaplan-Meier method followed by Log rank test. It was defined as significant differences at P \< 0.05.

Results {#S0003}
=======

SD Treatment Reduces the Malignant Phenotype of Glioma Cells in vitro {#S0003-S2001}
---------------------------------------------------------------------

To reveal the effect of SD on the glioma cell process, U87 and U251 cells were treated with different concentrations of SD, and cell proliferation, migration, invasion and apoptosis were detected. As shown in [Figure 1A](#F0001){ref-type="fig"}, SD treatment (10, 30 and 50 μg/mL) significantly inhibited the proliferation of U87 and U251 cells, the number of viable cells decreases as the SD concentration and treatment time increases (P \< 0.05). Based on the data of CCK8 assay, 30 μg/mL of SD reagent was used to the subsequent experiments. Furthermore, the results of transwell assay have shown that the migration and invasion of U87 and U251 cells were obviously inhibited following SD treatment ([Figure 1B](#F0001){ref-type="fig"} and [C](#F0001){ref-type="fig"}; P \< 0.05). Additional evidences suggested that SD treatment induced the apoptosis of U87 and U251 cells ([Figure 1D](#F0001){ref-type="fig"}). The apoptosis percentage increased from 4.39 ± 0.52% (3.82 ± 0.12%) to 14.26 ± 0.74% (10.31 ± 0.57%) of U87 (U251) cells (P \< 0.05).Figure 1SD treatment reduces the malignant phenotype of glioma cells in vitro.**Notes:** (**A**) The proliferation of U87 and U251 cells at different concentrations of SD treatment (10, 30 and 50 μg/mL) and at different treatment times was examined by CCK-8 assay. (**B** and **C**) Cell migration and invasion potential of U87 and U251 cells at 30 μg/mL SD for 24 h was measured by transwell assay. (**D**) Cell apoptosis of U87 and U251 cells at 30 μg/mL SD for 48 h was detected by Flow cytometry analysis. \*P \< 0.05.**Abbreviations:** NC, negative control; SD, Shezhi Huangling decoction.

SD Treatment Induces the Expression of miR-1298-5p {#S0003-S2002}
--------------------------------------------------

U87 and U251 cells were treated with different concentrations of SD, and we found that miR-1298-5p level was increased following the treatment of SD ([Figure 2A](#F0002){ref-type="fig"}). These results made us to speculate that SD may regulate the biological function of glioma cells by affecting the expression of miR-1298-5p.Figure 2Downregulated miR-1298-5p is a prognostic factor for glioma patients.**Notes:** (**A**) RT-qPCR analysis of miR-1298-5p expression levels in SD-treated cells. (**B**) RT-qPCR analysis of miR-1298-5p expression levels in glioblastoma tissues and paired adjacent normal tissues. (**C**) Kaplan--Meier analysis of glioblastoma patients with different miR-1298-5p expression. (**D**) The expression of miR-1298-5p was detected by RT-qPCR in U87 and U251 cells that were transfected with miR-1298-5p mimic. (**E**) Cell proliferation of U87 and U251 cells transfected with miR-1298-5p mimic was examined by CCK-8 assay. (**F**) Cell migration and invasion potential of U87 and U251 cells transfected with miR-1298-5p mimic was measured by transwell assay. (**G**) Cell apoptosis of U87 and U251 cells transfected with miR-1298-5p mimic was detected by Flow cytometry analysis. \*P \< 0.05.**Abbreviations:** SD, Shezhi Huangling decoction; CON, control; NC, negative control.

Downregulated miR-1298-5p Is a Prognostic Factor for Glioma Patients {#S0003-S2003}
--------------------------------------------------------------------

To identify the roles of miR-1298-5p in glioma, the expression pattern of it was examined in 38 cases glioblastoma tissues and 38 cases paired adjacent normal tissues by qRT-PCR. The expression of miR-1298-5p was significantly down-regulated in glioblastoma samples compared into normal tissues ([Figure 2B](#F0002){ref-type="fig"}; P \< 0.05). In order to analyze the correlation between miR-1298-5p expression and clinical characteristics of glioblastoma patients, all glioblastoma tissues samples were divided into two groups based on the miR-1298-5p expression. As shown in [Table 1](#T0001){ref-type="table"}, low expression of miR-1298-5p was significantly related to the high histological grade of the glioblastoma patients ([Table 1](#T0001){ref-type="table"}; P = 0.016685). In addition, the overall survival of patients with high miR-1298-5p expression was higher than that of patients with low miR-1298-5p expression ([Figure 2C](#F0002){ref-type="fig"}; P = 0.0278). According to these results, we inferred that miR-1298-5p is a crucial prognostic factor for glioblastoma.Table 1Correlation Between miR-1298-5p and TGIF1 Expression and Clinical Features of Glioma PatientsParametersCases, N = 38miR-1298-5p ExpressionP-valueTGIF1 ExpressionP-valueLow N = 19High, N = 19Low, N = 9High, N = 29Age (years)0.5158300.840617 \<6018810414 ≥6020119515Sex0.6415500.802746 Male241311618 Female1468311WHO grade0.016685\*0.018805\* I + II1331067 III + IV25169322[^1]

miR-1298-5p Reduces the Malignant Phenotype of Glioma Cells in vitro {#S0003-S2004}
--------------------------------------------------------------------

To further investigate the function of miR-1298-5p, U87 and U251 cells were transfected with miR-1298-5p mimic and the changes of their proliferation, migration, invasion and apoptosis were detected. RT-qPCR detection confirmed that miR-1298-5p expression was up-regulated in miR-1298-5p mimic-transfected cells ([Figure 2D](#F0002){ref-type="fig"}; P \< 0.05). The CCK8 assay revealed that up-regulated miR-1298-5p significantly decreased the proliferation of U87 and U251 cells ([Figure 2E](#F0002){ref-type="fig"}; P \< 0.05). The results of transwell assay also indicated that up-regulated miR-1298-5p repressed cell migration and invasion in U87 and U251 cells ([Figure 2F](#F0002){ref-type="fig"}; P \< 0.01). Moreover, over-expression of miR-1298-5p induced the apoptosis of U87 and U251 cells ([Figure 2G](#F0002){ref-type="fig"}; P \< 0.05). Taken together, these results suggest that miR-1298-5p reduces the malignant phenotype of glioma cells in vitro.

SD Treatment Regulates the Biological Function of Glioma Cells by Affecting the Expression of miR-1298-5p {#S0003-S2005}
---------------------------------------------------------------------------------------------------------

In order to confirm whether SD treatment regulated the glioma cell process by affecting miR-1298-5p expression, U87 and U251 cells were subjected to miR-1298-5p inhibitor (miR-inhibitor) and SD treatment at the same time. As shown in [Figure 3A](#F0003){ref-type="fig"}, the transfection of miR-inhibitor significantly decreased the miR-1298-5p level, while SD treatment complemented the role of miR-inhibitor. Moreover, SD treatment significantly inhibited the proliferation, migration and invasion of U87 and U251 cells, while transfection of miR-inhibitor complemented the affection of SD treatment ([Figure 3B](#F0003){ref-type="fig"} and C; P \< 0.05). In addition, the transfection of miR-inhibitor hindered the induction of apoptosis by SD treatment ([Figure 3D](#F0003){ref-type="fig"}). These results revealed that SD treatment regulates the biological function of glioma cells by affecting the expression of miR-1298-5p.Figure 3SD treatment regulates the biological function of glioma cells by affecting the expression of miR-1298-5p.**Notes:** (**A**) The expression of miR-1298-5p was detected by RT-qPCR in U87 and U251 cells that were transfected with miR-1298-5p inhibitor (miR-inhibitor) and treated with SD. (**B**) Cell proliferation of U87 and U251 cells transfected with miR-inhibitor and treated with SD was examined by CCK-8 assay. (**C**) Cell migration and invasion potential of U87 and U251 cells transfected with miR-inhibitor and treated with SD was measured by transwell assay. (**D**) Cell apoptosis of U87 and U251 cells transfected with miR-inhibitor and treated with SD was detected by Flow cytometry analysis. \*P \< 0.05.**Abbreviations:** NC, negative control; SD, Shezhi Huangling decoction; miR-inhibitor, miR-1298-5p inhibitor.

TGIF1 Is a Direct Target Gene of miR-1298-5p {#S0003-S2006}
--------------------------------------------

Furthermore, TGIF1 was predicted as a potential target gene of miR-1298-5p in TragetScan database ([<http://www.targetscan.org/vert_72/>]{.ul}) to uncover the downstream molecular mechanism of miR-1298-5p ([Figure 4A](#F0004){ref-type="fig"}). The 3ʹ UTR of TGIF1 contained a complementary site for the seed region of miR-1298-5p. The results of luciferase reporter assay showed that miR-1298-5p over-expression declined the luciferase activity of TGIF1-WT, but had no obvious effect on the luciferase activity of TGIF1-Mut ([Figure 4B](#F0004){ref-type="fig"}; P \< 0.05), suggesting that miR-1298-5p directly targeted TGIF1 3ʹ UTR via the predicted seed region. And the protein expression of TGIF1 was significantly decreased by miR-1298-5p over-expression in U87 and U251 cells ([Figure 4C](#F0004){ref-type="fig"} and D; P \< 0.05). These results indicate that miR-1298-5p directly targets TGIF1 3ʹ UTR and regulates TGIF1 expression in glioma cells.Figure 4TGIF1 is a direct target gene of miR-1298-5p.**Notes:** (**A**) MiR-1298-5p had binding sites with the 3ʹ-UTR of TGIF1. (**B**) TGIF1 3ʹ-UTR luciferase reporter assay. (**C** and **D**) The protein expression of TGIF1 of U87 and U251 cells transfected with miR-1298-5p mimic was detected by Western blot. (**E**) The mRNA expression of TGIF1 in glioblastoma (GBM) tissues and normal brain tissues. All data came from TCGA. The protein expression of TGIF1 was detected by immunohistochemical (**F**) and Western blot (**G** and **H**) in glioblastoma tissues and normal brain tissues. (**I**) The correlation analysis of miR-1298-5p and TGIF1 expression in glioblastoma tissues. (**J** and **K**) The protein expression of TGIF1 in SD treated cells was detected by Western blot. (**L** and **M**) The protein expression of TGIF1 was detected by Western blot in U87 and U251 cells that were transfected with siRNA-TGIF1 (TGIF1-KD). \*P \< 0.05.**Abbreviations:** WT, wild type; Mut, mutant type; miR-NC, negative control miRNA; SD, Shezhi Huangling decoction; CON, control; NC, negative control; TGIF1-KD, knockdown of TGIF1.

TGIF1 Is Up-Regulated in Glioma Tissues {#S0003-S2007}
---------------------------------------

The obviously high expression of TGIF1 was identified in glioma tissues detected by GEPIA analysis, immunohistochemistry and Western blot. GEPIA analyzed the TGIF1 expression profiling dataset from TGCA, including 163 cases of glioblastoma (GBM) tissues and 207 cases of normal brain tissues. These data showed that TGIF1 was significantly over-expressed in GBM tissues, compared to normal brain tissues ([Figure 4E](#F0004){ref-type="fig"}; P \< 0.05). Secondly, the results of immunohistochemistry indicated that weak TGIF1 immunostaining occurred in the cytoplasm and nucleus of normal tissues, while strong TGIF1 immunostaining occurred in the cytoplasm and nucleus of glioblastoma tissues ([Figure 4F](#F0004){ref-type="fig"}). TGIF1 was highly expressed in glioblastoma tissues (29/38, 76.3%), and the high expression of TGIF1 was significantly correlated to the high histological grade of the glioblastoma patients ([Table 2](#T0002){ref-type="table"}). Furthermore, significantly higher protein expression of TGIF1 was detected in glioblastoma tissues compared to normal tissues by Western blot ([Figure 4G](#F0004){ref-type="fig"} and [H](#F0004){ref-type="fig"}; P \< 0.05). In addition, the relative expression of miR-1298-5p was negatively correlated with the expression of TGIF1 in glioblastoma tissues ([Figure 4I](#F0004){ref-type="fig"}; P \< 0.001). We also found that the treatment of SD inhibited the protein expression of TGIF1 in U87 and U251 cells ([Figure 4J](#F0004){ref-type="fig"} and [K](#F0004){ref-type="fig"}), which was contrary to the effect of SD on miR-1298-5p levels. We speculate that SD treatment impede the expression of TGIF1 by inducing miR-1298-5p expression.Table 2TGIF1 Expression in Glioblastoma Tissues Compared with Normal Brain TissuesGroupnTGIF1 ExpressionPLow (n%)High (n%)Glioblastoma389 (23.7)29 (76.3)0.002411\*Normal3822 (57.9)16 (42.1)[^2]

The Effects of TGIF1 Knockdown on the Proliferation, Migration, Invasion, EMT Progress and Apoptosis of Glioma Cells in vitro {#S0003-S2008}
-----------------------------------------------------------------------------------------------------------------------------

U87 and U251 cell lines were transfected with siRNA-TGIF1, and down-regulated TGIF1 expression was found in transfected U87 and U251 cells ([Figure 4L](#F0004){ref-type="fig"} and [M](#F0004){ref-type="fig"}). The results of CCK8 and colony formation assays indicated that knockdown of TGIF1 significantly restricted the proliferation of U87 and U251 cells ([Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}; P \< 0.05). Results of transwell assay also showed the repression effects of TGIF1 knockdown on migration and invasion of U87 and U251 cells ([Figure 5C](#F0005){ref-type="fig"}; P \< 0.05). Furthermore, flow cytometry analysis found that the cell apoptosis was observably accelerated by TGIF1 knockdown ([Figure 5D](#F0005){ref-type="fig"}; P \< 0.05).Figure 5The effects of TGIF1 knockdown on the proliferation, migration, invasion and apoptosis of glioma cells in vitro.**Notes:** Cell proliferation was examined by CCK-8 assay (**A**) and colony formation assay (**B**). (**C**) Cell migration and invasion potential was measured by transwell assay. (**D**) Cell apoptosis was detected by Flow cytometry analysis. \*P \< 0.05.**Abbreviations:** CON, control; NC, negative control; TGIF1-KD, knockdown of TGIF1.

Discussion {#S0004}
==========

Intervening the growth and development of cancer with naturally occurring herbs and phytochemicals is essential to improving the treatment of cancer and reducing mortality. Chinese herbal medicine has been widely used in the treatment of cancer in East Asian and has been regarded as new sources of drug discovery library.[@CIT0007] Some traditional Chinese medicine extracts or compounds, like Berberine, Dauricine and Fucoidan are shown to induce autophagic cell death in cancer cells, via m-TOR or Beclin1-dependent.[@CIT0025] In the present study, we firstly found that SD treatment inhibited the proliferation, migration and invasion of glioma cells, and induced the apoptosis. In addition, we found that SD treatment induced the expression of miR-1298-5p in glioma cells.

MiRNA dysregulation plays a crucial role in many types of cancers and their differential expression regulates multiple biological behaviors.[@CIT0026] MiR-1298 is identified later, so there are relatively few reports on miR-1298. Firstly, miR-1298 is identified as novel miRNA that inhibits the growth of KRAS-driven cancer cells both in vitro and in vivo.[@CIT0027] Moreover, the expression of miR-1298 is down-regulated in gastric cancer tissues and cells, and miR-1298 over-expression inhibits cell proliferation and invasion.[@CIT0015] Lower miR-1298 expression levels are associated with lymph node metastasis and TNM stage, and predict poor disease-free survival (DFS) and OS of patients with gastric cancer.[@CIT0015] Importantly, miR-1298 is identified as obviously down-regulated in neuroglioma.[@CIT0014] In addition, rno-miR-1298 is detected to be significantly down-regulated in rat glioma C6 cells.[@CIT0028] Over-expression of rno-miR-1298 obviously inhibits the proliferation and induces apoptosis in C6 cells.[@CIT0028] In this study, we found that miR-1298-5p was decreased in glioblastoma tissues and the over-expression of miR-1298-5p inhibited the proliferation, migration and invasion and induced apoptosis of glioma cells. Furthermore, lower miR-1298-5p expression was related to the high histological grade of glioblastoma patients and predicted poor OS. Based on previous studies, we explored the function of miR-1298-5p in glioma cells.

Moreover, SD treatment significantly inhibited the proliferation, migration and invasion of U87 and U251 cells and induced the expression of miR-1298-5p, while transfection of miR-inhibitor complemented the affection of SD treatment. In addition, the transfection of miR-inhibitor hindered the induction of apoptosis by SD treatment. These results revealed that SD treatment regulates the biological function of glioma cells by affecting the expression of miR-1298-5p, although we have not disclosed its specific molecular regulatory mechanism.

Further, it has been reported that miR-1298 is involved in the pathogenesis of cancers through targeting some genes, such as FAK, LAMB3,[@CIT0027] SETD7.[@CIT0028] In this study, we also demonstrated that miR-1298-5p directly target TGIF1 to participate in the progression of glioma. MiR-1298-5p bound to the 3ʹ-UTR of TGIF1 and decreased TGIF1 protein expression. Moreover, we found that TGIF1 was up-regulated in human glioblastoma tissues. Knockdown of TGIF1 inhibited cell proliferation, migration and invasion of glioma cells and induced cell apoptosis. In previous studies, TGIF1 has been found to be up-regulated in lung cancer tissues and cell lines,[@CIT0029] metastasis breast cancer,[@CIT0021] metastasis lung adenocarcinoma,[@CIT0020] non-small cell lung cancer (NSCLC),[@CIT0030] and colon cancer.[@CIT0019] Moreover, down-regulation of TGIF1 impairs the growth, migration and invasion of NSCLC cells (A549 and H23)[@CIT0030],[@CIT0031] and breast cancer cells (MDA-MB-231).[@CIT0021] In addition, one research has shown that TGIF1 expression is down-regulated in 1p/19q-deficient oligodendroglial.[@CIT0023] Oligodendroglial tumors with 1p/19q loss are more likely to be chemosensitive and have longer survival.[@CIT0032] Thus, in line with previous studies, our funding supported the notion that TGIF1 is a tumor promoter in glioma that may be a new therapeutic target in the future.

Conclusions {#S0005}
===========

In conclusion, we found for the first time the role of SD, the down-regulation of miR-1298-5p and up-regulation of TGIF1 in glioma. And SD acts as a cancer-inhibiting agent in glioma via miR-1298-5p/TGIF1 axis. These data suggest a potential therapeutic application of SD in glioma.
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